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Two-dimensional echocardiography successfully dis-
played the location and extent of aortic root complica-
tions, annular abscess or mycotic aneurysm in nine pa-
tients with aortic valve endocarditis. Five of the nine
patients had prosthetic valve endocarditis and four had
native valveendocarditis. The infectiveprocess extended
into the paravalvular structures, including the interven-
tricular septum (seven patients), right ventricular out-
flow tract (three patients), interatrial septum (one pa-
tient) and anterior mitral valve leaflet (four patients).
The amount of aorto-Ieft ventricular discontinuity caused
by these complications was quantitated in degrees of
annular circumference on the parasternal short axis im-
age and in distance on the parasternal long axis image.
The echocardiographlc findings were confirmed at sur-
gery and were helpful in the preoperative anticipation
of the type of surgical procedure required: aortic valve
replacement or composite aortic valve and root replace-
ment.
Five patients had prosthetic valve endocarditis with
calculated aorto-Ieft ventricular discontinuity of 173 ±
550 on parasternal short axis images and 1.36 ± 0.72
em on parasternal long axis images. Initial surgical re-
pair included three composite aortic root-valve pros-
thesis implants, one reconstructive procedure with valve
replacement and one simple aortic valve replacement.
During a follow-up period of 18 months (range 1 to 35),
Aortic root abscess, mycotic aneurysm formation and aorto-
left ventricular discontinuity are recognized complications
of infective aortic valve endocarditis. Aortic root abscesses
occur in up to 52% of patients undergoing aortic valve
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a second reparative procedure was required for only one
patient to repair an aortic conduit to coronary artery
venous bypass graft.
Four patients had native valve endocarditis with cal-
culated aorto-Ieft ventricular discontinuity of 100 ± 170
on parasternal short axis images and 0.88 ± 63 em on
parasternal long axis images. Initial surgical repair in-
cluded two reconstructive procedures with valve replace-
ment and two simple aortic valve replacements. During
a follow-up period of 30 months (range 16 to 42), three
of these four patients required a second reparative pro-
cedure: one each for repair of a paraprosthetic leak, a
ventricular septal defect and persistent aorto-left ven-
tricular discontinuity.
Two-dimensional echocardiography accurately de-
tected aortic annular abscess and mycotic aneurysm
complicating aortic valve endocarditis and the resultant
degree of aorto-Ieft ventricular discontinuity. Circum-
ferential aorto-Ieft ventricular discontinuity with these
complications is greater for prosthetic than native valve
endocarditis and predicts a more extensive surgical re-
pair. Simple aortic valve replacement in patients with
aortic root endocarditis complicated by extensive aorto-
left ventricular discontinuity may not constitute an ad-
equate repair. Such patients frequently require a second,
more definitive, surgical procedure.
(J Am Coli Cardiol 1987;10:859-68)
replacement for endocarditis (1-7). Single or multiple ab-
scesses of the valve rings were demonstrated by careful
dissection technique in a clinicopathologic postmortem study
in 86% of patients with treated bacterial endocarditis (8).
Extensive mycotic abscess formation involving the region
of the left ventricular outflow tract is an indication for early
surgical treatment, particularly if it is progressive despite
adequate antibiotic treatment (9,10). The presence of such
an abscess is likely to increase the risk of aortic valve sur-
gery; its preoperative detection is important. More impor-
tantly, if the mycotic process is severe, aorto-left ventricular
discontinuity may result and may require more extensive
0735-1097/87/$3.50
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surgical therapy than simple valve replacement. Preopera-
tive determinatio n of the degree of aorto -left ventricular
discontinuity should be helpful in anticipation of the type
of surgical procedure required for adequate repair.
Despite the high prevalence of aortic ring abscesses re-
ported in patients with acute aortic valve endocarditis, there
have been relatively few reports of their echocardiographic
recognition (11-22) . We describe the clinical course and
echocardiographic findings in nine patien ts with documented
aortic root complications due to bacterial endocarditis. These
findings illustrate the utility of two-dimensional echocardi -
ography in the diagnosis and management of this difficu lt
but surgically correctable condition .
Methods
Pathologic definition of ao r tic root complications of
endoca rdi tis . Infection of the aortic anulus may present as
an erosion , an abscess or a mycotic aneurysm, and may , in
severe cases, lead to aorto- left ventricular discontinuity . An
annular erosion communicates with the aortic lumen, does
not distort the anulus or contain purulent materia l, is usually
sterile after antibiotic therapy and may not be visualized by
echocardiography. An aortic root abscess is defined as pu-
rulent materia l contained within a fibrous capsu le and does
not communicate with the lumen. The diagnosis of an aortic
root abscess in a patient with infective endocarditi s was
made echocardiographically when an abnormal echodense
or echolucent area , or both, cou ld be demonstrated in the
perivalvular tissue on more than one tomographic section .
A mycotic aneurysm of the aortic root is defined as an
aneurysm with its origin in the aortic anulus , sinuses or wall
caused by an infectio us break in the internal wall form ing
a blind sac connected with the aortic lumen . The progression
of these infective processe s into the subannular structures
may in some cases lead to disruption of either the mem-
branous interven tricular septum or the aortic-mitral inter-
valvular fibrosa. Aortic root abscess and mycotic aneurysm
may lead to significant aorta-left ventricular discontinuity.
Study patients. The nine patients reported represent the
adult patients with aortic root abscess, mycotic aneurysm
or aorto- left ventricular discon tinuity secondary to endo-
carditis seen in three Minneapolis hospita ls over a period
of 3 years. All patients had two-dimensional echocardio-
graphic studies and pathologic confirmation of the nature
of the complication.
The nine patients (seven male . two female) ranged in
age from 19 to 68 years (mean 33) . Eight of the nine pre-
sented with clinic al features of systemic infection . Five pa-
tients (Patients I to 5) had a previous ly implanted prosthetic
aortic valve, and four (Patient s 6 to 9) had a congenital
bicuspid aortic valve. In three patients, intrave nous drug
Table I. Clinical and Laboratory Findings in Nine Patients With Aortic Root Abscess or Aneurysm
Age (yr) Underly ing
Case &Sex Disease Blood Culture Electrocardiogram Cardiac Findings Chest X-ray Film
45M Aortic valve Staph . aureus Sinus tachycardia; QS and T Gr II SEM; no Al Aortic valve prosthesis
prosthesis wave inversion in Il , III,
avF. V5 and v;
2 25M Aortic valve Strep. viridans Sinus tachycard ia Gr IV SEM; Gr IV AI Aort ic valve prosthesis;
prosthesis card iomega ly
3 19F Aortic valve Staph . aureus Sinus tachycardia; abnormal Gr II SEM; Gr I AI Aort ic valve prosthesis
prosthesis anterior T waves
4 45M Aortic valve Strep. viridans Sinus tachycardia; LVH; 10 Gr III SEM ; Gr II AI; Aortic bioprosthesis;
bioprosthesis AVB; prolonged QT S3 LV enlargement
5 68M Aortic valve Staph . epidermidis Atrial fibrillation ; LVH Gr II SEM Aortic valve prosthesis;
bioprosthesis LV enlargement
6 35F Congenital Negative during Sinus tachycardia ; lOAVB; Gr II SEM ; Gr III AI Moderate cardiomegaly
bicuspid aortic antibiotic prolonged QT
valve treatment
7 29M Congenital Strep. viridans Sinus tachycard ia: RBBH and Gr II SEM. palpahle 54 Dilated aort ic root ;
bicuspid aortic LAHB ; LVH; prolonged QT ca lcified aortic
valve valve ; moderate
cardiomegaly
8 24M Congenital Strep , intermedius Atrial tachycardia/brad ycardia; Gr II SEM ; Gr III AI Moderate cardiomegaly
bicuspid aortic 1° AVB; prolonged QT
valve
9 39M Congenital Cardiobacterium Accelerated junctional rhythm; Gr II SEM . Gr I Al Cardiomega ly
bicuspid aortic hominis j Q AVB: prolonged QT
valve
AI = aortic insufficiency; AS = aortic stenosis; AVB atrioventri cular block; Gr = grade; LAHB = left anterio r hemib lock; LVH = left
ventricula r hypertrophy; RBB B = right bundle branch block; SEM = systolic ejection murmur; Staph. = Staphylococcus; Strep . = Streptococcus; S3
and S4 = third and fourth heart sounds, respect ively.
ACBG = aortocoronary bypass graft; AI = aortic insufficiency (grade + to + + +); AY = aortic valve; lAS = interatrial septum; lYS =
interventricular septum; LA left atrium; LCA = left coronary artery; LV = left ventricle; MY = mitral valve; RA = right atrium; RCA = right coronary artery;
RV = right ventricle: YSD = ventricular septal defect.
Table 2. Echocardiographic, Angiographic and Surgery Findings and Surgical Procedures in Nine Patients With Aortic Root Abscess
or Aneurysm
Case M-Mode Echocardiography
Prosthetic AV; echo-free
area anterior to aortic
root and toward RV
outflow tract
2 Not performed
3 Prosthetic AV; thickening
of anterior aortic wall
4 Bioprosthetic AV;
thickening of AV leaflets
and vegetation; diastolic
flutter MV
5 Bioprosthetic AY;
thickening of anterior
aortic wall
6 Thickening of AV leaflets;
probable AV vegetations;
echo-free space anterior
aortic wall; diastolic flutter
MY
7 Thickened AV leaflet with
decreased mobility;
dilated aortic root;
diastolic flutter MY
8 Thickened AY leaflets;
diastolic flutter MV
9 Thickened AV leaflets;
probable AV vegetation;
dilated aortic root; early
MV closure
Two-Dimensional Echocardiogram
Prosthetic AV rocking; aneurysm
anterior to aortic root with extension
into IVS and RV outflow tract
Prosthetic AV rocking; aneurysm
anterior and posterior aortic anulus;
partial detachment anterior MV
leaflet
Increased echo density anterior aortic
wall; aneurysm anterior to aortic root
with extension into IVS
Thickened bioprosthetic AV leaflets;
vegetations of bioprosthetic AY with
prolapse of posterior cusp;
bioprosthetic AV dehiscence; anterior
MV leaflet aneurysm
Bioprosthetic AV rocking; abscess
anterior to right and left coronary
cusp of bioprosthesis
Thickened bicuspid AV leaflets; prolapse
of anterior cusp AY; abscess anterior
to left coronary cusp and toward RY
outflow tract
Thickened AV leaflets; vegetation right
AY cusp; dilated aortic root with
aneurysm into RV outflow tract and
IYS
Thickened AY leaflets; flail posterior
cusp AV; abscess posterior and
inferior to noncoronary cusp and into
lAS; thickening and increased
mobility of the anterior MY leaflet
Thickened bicuspid AV; vegetations
AV; flail posterior AY cusp;
aneurysm posterior aortic root with
partial dehiscence of anterior MY
leaflet; early closure MV
Aortogram
Not performed
Not performed
Prosthetic AV with partial
dehiscence; aneurysm
anterior aortic root; AI +
Prosthetic AV with partial
dehiscence; paravalvular
anular aneurysm;
AI+ +
Prosthetic AY with partial
dehiscence; aneurysm
anterior to right and left
coronary cusps; AI +
Bicuspid AV; dilated aortic
root; AI + + +
Dilated aortic root;
aneurysm from right
cusp into anulus and
IVS
Bicuspid AV; aneurysm
noncoronary cusp into
lAS; AI+ +
Not performed
Findings at Surgery
Partial dehiscence of prosthetic AV;
annular aneurysm and abscess with
extension into IVS, RV anterior wall
and RV outflow tract
Partial dehiscence of prosthetic AV;
annular aneurysm and abscess into
IYS; partial detachment of anterior
MV leaflet
Partial dehiscence of infected prosthetic
AV; mycotic aneurysm anterior
aortic root into IYS
Partial dehiscence of infected prosthetic
AV; annular aneurysm into IVS;
partial detachment of anterior MV
leaflet
Partial dehiscence of infected prosthetic
AY; annular aneurysm and abscess
from the right to the left coronary
cusps
Bicuspid infected AV; extensive
annular abscess into RV outflow tract
and lVS
Calcified stenotic and infected AV;
aneurysm and abscess of anulus and
IVS and RV outflow tract
Bicuspid infected AY; flail posterior
cusp; aneurysm posterior anulus
involving noncoronary cusp; partial
detachment of anterior MY leaflet
Calcified bicuspid infected AV; three
abscesses of aortic root: one at
membranous IVS, one posteriorly
with partial detachment MY and one
posterior toward lAS
Primary Surgical Procedure
Composite aortic root-valve graft with
ACBG to LCA and RCA
Reconstruction interventricular septum
and anterior MV leaflet; composite
aortic root-valve graft with
reimplantation of coronary arteries
Reconstruction aortic root;
reconstruction anterior wall of aorta
using a tubular Gore-Tex graft;
ACBG to RCA
Reconstruction aortic root; composite
aortic root-valve graft with ACBG
to LCA and RCA
Reconstruction aortic root; aortic valve
prosthesis
Repair lYS; aortic valve prosthesis
Oversewing abscess cavity; aortic
val ve prosthesis
Repair MY leaflet; aortic valve
prosthesis
Reconstruction aortic root; aortic valve
prosthesis; VSD repair
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abuse was an additional risk factor for bacterial endocarditis
(Patients 1,4 and 7). A knife wound was felt to be a possible
source of endocarditis in Patient 2. Streptococcal endo-
metritis, approximately 2 weeks before admission, was the
source of endocarditis in Patient 6.
Clinical and laboratory findings in our patients are sum-
marized in Tables 1 and 2. Streptococcus was the most
common infecting organism. Seven of the nine patients had
clinical or angiographic evidence of aortic insufficiency.
Electrocardiographic evidence of conduction disturbance was
noted in fivepatients. The chest X-ray filmrevealeda dilated
aortic root with calcificationof the aortic valve inone patient
and cardiomegaly or left ventricular enlargement in seven
patients.
Figure 1. Schematic echocardiographic long axis (left) and short
axis (right) views of Patients I to 9. Ontheshort axis schematics,
the circular structure with a central dot represents the aorta (Ao)
in cross section. The enclosed areas at the aortic perimeter rep-
resent the abscess or mycotic aneurysm. Patients I, 2 and 3 had
a previously implanted mechanical tilting disc prosthesis; Patients
4 and5 had a previously implanted bioprosthesis. Patients 6 to 9
had a congenital bicuspid aortic valve as their underlying disease.
The length of aorto-Ieft ventricular discontinuity in centimeters
was calculated from the long axis view. The amount of aortic
anulus circumference involved by abscess or mycotic aneurysm
was calculated in degrees from the short axis view. Centimeter
calibrations accompany both long and short axis schematics for
each patient. LA = left atrium; LV = left ventricle.
1 2
Echocardiographic procedures. Two-dimensional
echocardiograms were performed using either an ATL me-
chanical ultrasound scanner (Advanced Technology Labo-
ratories) or a Hewlett-Packardphased array ultrasound scan-
ner (Hewlett-Packard) withderived M-modeechocardiograms.
A systematic examination was performed utilizing para-
sternal, apical and subcostal windows (23). The images were
permanently recorded on videotape for further analysis.
Echocardiographic measurements. To quantify the ex-
tent of the infective process at the aortic root, measurements
were taken from two-dimensional echocardiographic stop-
action, single-frame imagesof the videotape recordings. We
measured the degree of circumference that was involved by
abscess formationor mycoticaneurysm using the parasternal
short axis view. We also measured the extent of aorta-left
ventricular discontinuity by measuring the distance between
the two disrupted structures from the parasternal long axis
view. These measurementswere made on the basis of agree-
ment of two experienced echocardiographers blinded to the
surgical findings.
Results
Clinical recognition of aortic root abscess (Table 1).
Although the new onset of a regurgitant murmur, high-grade
atrioventricular block, or a poor response to antibiotic ther-
apy in the setting of aortic valve endocarditis may increase
3
~~8~ . ~
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Table 3. Measurements for Quantification of Extension of Complicated Aortic Root Infection
Patients With Prosthetic Aortic Valve Patients With Native Aortic Valve
Mean
'"
SD Mean :!: SD
2 J 4 5 (patients I to 5) 6 7 X 9 (patients 6 to 9)
Parasternal short axis views:
Degrees of circumference
involved by abscess or
aneurysm. or both
Anterior 126 167 13X 154 17.1 95 X2Posterior 97 IX5 :!: 55 100 ±: 17*101 123
Parasternal long axis view:
Length of aortic-left 1.1 1.4 0.4 2.4 15 U6:!: 0.72 () 07 15 1.3 O.XX ±: tUX
ventricular dehiscence (em]
*p < 0.05 for degrees of circumference involved by abscess or aneurysm. or both, for native compared with prosthetic valve endocarditis.
the index of suspicion, our results revealed no single cri-
terion for the clinical recognition of aortic annular abscess
or mycotic aneurysm.
Echocardiographic findings. Echocardiographic find-
ings and their correlation with angiographic and surgical
observations are summarized in Table 2. M-mode echo-
cardiograph» was performed in eight patients. All patients
demonstrated abnormalities of the aortic valve, but only two
had echo-free areas in the annular area that suggested ab-
scess or mycotic aneurysm. Diastolic flutter of the anterior
mitral valve leaflet was frequently noted. but only one pa-
tient had premature mitral valve closure indicating acute
severe aortic insufficiency. Vegetations were suspected in
three patients.
Two-dimensional echocardiography demonstrated the
aortic root abscess or aneurysm in all patients and allowed
determination of the degree of aorto-lefr ventricular discon-
tinuity (Fig. I). The results of quantification of aortic root
involvement by the infective process are indicated in Ta-
ble 3.
Patients with a valve prosthesis. Three patients had a
tilting disc prosthesis (Fig. 2) and each one had a porcine
aortic bioprosthesis (Fig. 3) and a bovine pericardial bio-
prosthesis. A rocking prosthetic valve with dehiscence of
the sewing ring from the aortic anulus was a frequent finding
in these patients. An echolucent or echo-free area anterior
to the aortic root with extension into the ventricular septum
and right ventricular outflow tract was felt to indicate the
Figure2. Patient I. Two-dimensionalechocardiogram of an aortic
root mycotic aneurysm located anteriorly in a patient with a tilting
disc prosthesis. The long axis view (A) reveals a large abscess
cavity (arrows) anterior to the aortic (Ao) root. The parasternal
short axis view (8) reveals that 1260 of the circumference is in-
volved by the abscess formation. Abbreviations as in Figure I.
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Figure 3. Patient 4. Two-dimensionalechocardiogramof an aortic
root mycotic aneurysm located posteriorly in a patient with a bio-
prosthesis. The long axis view (A) reveals partial mitral valve
detachment. The parasternal short axis view (8) reveals two my-
cotic aneurysms, one lateral (small arrows) and one posteromedial
(large arrows) to the aorta. RV = right ventricle; other abbre-
viations as in Figure 1.
presence of an anterior aortic root abscess or mycotic an-
eurysm in Patients I (Fig. 2), 2 and 3. Patient 2 had ad-
ditional evidence for involvement of the posterior aortic root
with partial detachment of the anterior mitral valve leaflet.
In Patient 4 (Fig. 3), the major finding was destruction of
the base of the anterior mitral valve leaflet. In Patient 5, an
echolucent area in the region of the left and right coronary
cusps indicated the presence of an aortic root abscess.
Patients with a congenital bicuspid valve. Marked ab-
normalities of the aortic valve were noted in these patients
and included thickening, abnormal motion, flail cusp, veg-
etations or combinations. Patient 6 had an abscess in the
upper portion of the ventricular septum. Patient 7 (Fig. 4)
had an echolucent area adjacent to the right cusp. This
Figure 4. Patient7. Two-dimensionalechocardiogram of an aortic
root abscess and mycotic aneurysm in a patient with a congenital
bicuspid aortic valve. Both the long axis view (A) and the short
axis view (8) reveal increased echo density in the anulus of the
aorta with two echo-free cavities (arrows). Abbreviations as in
Figure I.
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process extended into the ventricular septum and right ven-
tricular outflow tract. Patient 8 revealed an echo-free space
posterior and inferior to the noncoronary cusp with extension
toward the interatrial septum, The anterior mitral valve leaf-
let also showed thickening and was partially detached. Pa-
tient 9 had evidence of aorto-Ieft ventricular discontinuity
posteriorly with partial detachment of the anterior mitral
valve leaflet and increased echodensity in the anterior aortic
anulus.
Angiography (Table 2). Aortography was performed in
six patients preoperatively. The aortogram established the
degree of aortic insufficiency and identified a mycotic an-
eurysm in five patients, In Patient 6, the abscess of the
aortic root had no apparent communication with the aorta
and therefore was not visualized by angiography.
Surgery (Table 2). All nine patients had surgical repair.
The primary indication for surgery was decompensation sec-
ondary to aortic regurgitation in Patients 2, 6 and 9, and
embolic phenomenon in Patient 8. Echocardiographic evi-
dence of extensive aortic root destruction despite vigorous
antibiotic therapy and partial prosthetic valve dehiscence
was the basis for surgery in Patients 1,3,4 and 5, Persistent
mycotic aneurysm in the clinical setting of successfully treated
endocarditis and severe aortic stenosis was the surgical in-
dication for Patient 7.
The findings at surgery confirmed the echocardiographic
observations. The required surgical procedure frequently
involved more than simple aortic valve replacement. There
was no operative mortality.
Clinical course (Table 4). Patients with prosthetic valve
endocarditis. The initial surgical repair included three com-
posite aortic root-valve prosthesis implants, one reconstruc-
tive procedure with valve replacement and one simple aortic
valve replacement. During a follow-up period of 18 months
(range I to 35) a second procedure was required for Patient
2 to repair a conduit to coronary artery venous bypass graft.
Table 4. Clinical Course and Subsequent Surgical Procedures in 9 Patients with Complicated Aortic Root Endocarditis
Primary Second
Patient Date Underlying Disease Date Surgical Procedure Follow-up Date Surgical Procedure Follow-up
9/82 AYR for AI 6/83 Composite graft 30 Months,
4/83 Paravalvular leak no complications
repair
6/83 Anterior abscess into
IYS and RY
outflow tract
2 6/82 AYR for Al 6/85 Composite graft Myocardial 10/85 Repair of aortic conduit 12 Months,
6/85 Anterior and posterior ischemia to coronary artery no complications
abscess; partial MY venous bypass graft
detachment
3 7/85 AYR 8/85 Partial replacement of 16 Months,
8/85 Anterior abscess ascending aorta with no complications
Gore-Tex graft; AYR
4 10/78 AYR for SBE and AI 7/83 Composite graft 35 Months,
7/83 Circumferential no complications
abscess
5 3/86 AYR for AS 5/86 AVR; repair aortic root I Month,
5/86 Anterior abscess; (death AMI)
partial MV
detachment
6* 11/83 SBE bicuspid AV; 11/83 AYR; repair IYS and Abscess into IVS 12/83 Composite graft 15 Months,
abscess into IVS RV outflow tract no complications
and RV outflow
tract
7* 6/83 SBE bicuspid AY; 6/83 AYR; no complications 37 Months
abscess into IYS
and RV outflow
tract
8* 2/82 SBE bicuspid AV; 2/82 AVR Paraprosthetic leak 2/83 Paraprosthetic leak 26 Months,
abscess into lAS repair repair no complications
9* 1/83 SBE bicuspid AV; 1/83 AYR; repair aortic root; Residual VSD 12/84 Repair YSD 19 Months,
abscess aortic root; repair VSD no complications
YSD
*Native valve patients. Patients 1-5 are prosthetic valve patients. AMI = acute myocardial infarction; AS = aortic stenosis; AYR = aortic valve
replacement; LAD = left anterior descending coronary artery; SBE = subacute bacterial endocarditis; other abbreviations as in Table 2.
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Patients with native valve endocarditis. The initial sur-
gical repair included two reconstructive procedures and two
simple aortic valve replacements. During a follow-up period
of 30 months (range 16 to 42) three patients required a
second surgical procedure , one each for repair of a para-
prosthetic leak (Patient 8), ventricular septal defect (Patient
9) and persistant aorto-left ventricular discontinuity (Patient
6).
Discussion
Aortic root abscess and mycotic aneurysm complicating
active infective endocarditis and leading to aorto-left ven-
tricular discontinuity are frequently unrecognized clinically
before surgery or autopsy. The presence of these compli -
cations, however, suggests a more ominous prognosis. Sur-
gical management of these lesion s is especially difficult if
there is extensive tissue destruction associated with loss of
supporti ve structures in the aortic anulus or aorto-Ieft ven-
tricular discontinuity , or both . There are only a few reports
of echocard iographi c findings in patient s with these com-
plications , and the therapeutic implications of these findings
in the setting of infective endocarditis are not clear.
Anatomic-pathologic aspects. Knowledge of the ana-
tomic relation between the different aortic valve cusps and
their adjacent structures is necessary for the successful use
of two-dimensional echocardiograph y in the detection of
aortic root abscess or mycot ic aneurysm. If endocarditis of
a specific aort ic valve cusp is suspected , a careful inspection
of the adjacent areas is important.
Extension of native aortic valve endocarditis occurs pri-
marily in three different directions (relative to the respective
aortic sinus):
I. From the left coronary sinus and the adjacent portion
of the noncoronary cusp through the mitral-aortic interval-
vular fibrosa to the base of the anterior mitral valve leaflet
(24). Infection from the aortic valve may spread directly to
the epicardial wedge (between the aorta and the adjacent
left atrium ). This wedge has little resistance to infection
because it is relatively avascular and hence susceptible to
aneurysm formation or even to rupture into the pericardium
with consequent pericardial tamponade (25,26). Direct ex-
tension of the septic process from this region of the fibrotic
aortic anulus may also reach the interatrial septum (27). The
anterior mitral valve leaflet Inay also be secondarily infected
by regurgitation of blood through an actively infected aortic
valve , the so-called "jet le~ion" (28) .
2. From the right coronary sinus through the aortic root
into the membranous portion of the ventricular septum with
possible further propagation to the right atrium or right
ventricle (29) or into the muscular port ion of the ventricular
septum (30) , or both. Eventu al perforation of the ventricular
septum may create a ventri cular septal defect (31).
3. From the noncoronary sinus into the posterior portion
of the ventricular septum with either extension toward the
right ventricular outflow tract or anterior mitral valve leaflet,
or both .
Prosthetic valve endocarditis may be associated with a
different pattern of extension. Infection of the prosthesis
begins at the sewing ring and extends to involve the interface
between the prosthesis and the aortic anulus. Dehiscence of
the prosthesis may be the result . Annular necrosis and ab-
scess formation are common and are the mechanisms for
paravalvular regurgitation , a frequent manifestation of pros-
thetic valve infection. Localization of the absce ss or mycotic
aneurysm in this setting should be suspected mainly in the
area of prosthetic valve dehi scence . Extension into adjacent
native tissue is also possible and similar to that alread y
described for native valve endocarditi s.
Echocardiographic recognition of aortic root abscess
and mycotic aneurysm. Two-dimensional echocardiog-
raphy has proved useful in detecting aortic valve vegeta-
tions, identifying the leaflets involved , determining vege-
tation size and mobility and assessi ng the extent of leaflet
damage. In addition , echocardiography accurately charac-
terized the extent of the aortic root complications in all
patients in this series includi ng complicat ions that may oth-
erwise be clinically silent. Thi s noninvasive method accu-
rately demonstrates spatial relations and identifies the an-
atomic distribution of the abscess or mycotic aneurysm. It
can be performed serially to analyze changes during treat-
ment. Timel y recognition of abscess formation and pro-
gression may permit earlier surgical intervention before
widespread tissue destruction occurs that mandates more
extensive surgery than simple valve replacement. In addi-
tion , echocardiographic documentation of abscess cavitie s
may guide surgical exploration.
The presence ofaorto-left ventricular discontinuity must
alert the surgeon to the possibility that the patient may
require more extensive therapy than merely aortic valve
replacement (for example, placement of a composite aortic
root and valve with reimplantation of the coronary arterie s).
The amount of aorto-left ventricu lar discontinuity measured
in our patients ranged between 0 .0 and 2.4 ern in the long
axis view, and circumferent ial involvement of the aort ic
root ranged between 82 and 264° in the parasternal short
axis view. The only patient who had a completely success ful
primary operation with simple implantation of an aortic
valve prosthesis was Patient 6 whose abscess was confined
to the anterior aspect of the aort ic root and occupied less
than 90° of the aortic root circumference in short axis view.
Three patients (Patients 2, 4 and 9) had echocardiographic
evidence of aortic root infection anteriorly and posteri orly;
two of these three patients (Patients 2 and 4) had primaril y
implantation of a compo site graft and did well with this
procedure, wherea s Patient 9 had simple aortic valve re-
placement with postoperative ventricular septal defect that
required a second operati on .
Doppler ultrasound techniques were not available and
hence were not utilized in evaluating any of the patients in
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this report, They may be useful in evaluating aortic insuf-
ficiency and detection of communications with other cardiac
chambers,
Technical implications for optimal visualization. The
parasternal long and short axis views at the aortic valve
level were the most helpful in displaying the full extent of
the abscess cavity; both inferior and superior angulation of
the echo beam from the short axis view at the aortic valve
level is important. When imaging the paravalvular areas of
patients with a prosthetic valve, it is important to identify
the normal echolucent area between the valve structures and
aortic wall. These echolucent areas must be correctly defined
and not misinterpreted as an abscess or mycotic aneurysm,
Differential diagnosis. In addition to the normal echo-
lucent areas between a prosthetic valve and aortic root, an-
eurysms of the membranous septum and sinuses of Valsalva
may cause interpretation difficulties, An aneurysm of the
membranous septum is located below the aortic anulus,
Congenital sinus of Valsalva aneurysms usually involve the
right coronary sinus (32), occupy a position anterior to the
anterior aortic wall (33) and do not change the geometry of
the aortic anulus.
Implications for surgery. Currently, the major indi-
cations for surgical treatment in valvular endocarditis in-
clude persistent or resistant infection (20), recurrent em-
bolization (12,19,20) and congestive heart failure secondary
to valvular insufficiency, The observations in our series may
add another subset of patients in whom surgical intervention
may be indicated, namely, patients with echocardiographic
documentation of extensive aortic root destruction by the
infectious process. The extent of the process as revealed by
echocardiography may guide the surgical approach for re-
pair. The implantation of the prosthetic aortic valve in cases
with minor destruction of the aortic anulus may be adequate,
However, for more extensive degrees of aorto-Ieft ventric-
ular discontinuity, the surgeon must be prepared for more
complicated procedures including primary implantation of
a composite aortic root graft with reimplantation of the
coronary arteries, Our number of patients is too small to
provide definite recommendations regarding the optimal sur-
gical approach, In this series, however, the presence of
aorto-Ieft ventricular discontinuity of more than I ern either
anteriorly at the membranous ventricular septum or poste-
riorly at the intervalvular aorto-mitral fibrosa, and circum-
ferential involvement of the aortic root by more than 90°,
necessitated reconstructing the aortic anulus using compli-
cated surgical procedures including placement of a com-
posite aortic root-valve graft with reimplantation of the coro-
nary arteries,
We acknowledge Maureen Kane, MD and Peter J. Dorsen, MD for referral
of Patient 6 and Richard Nelson, MD for referral of Patient 8. We greatly
appreciate Jesse E. Edwards, MD for assistance in describing the distri-
bution of aortic root complications of infective endocarditis. Ms. Belinda
Anderson provided superb secretarial services.
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